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PERFORMANCE OF EXERNA&COMPRESS~ON BUMP lMLET

AT MACH NUM8ERS OF 1.5

By Paul C. Simon, Dennis W. Brown,

SUMMARY

To 2.0

smd Ronald G, Huff

An experimental investigation of a one-fifth-scale model of the fore-
body of a proposed supersonic fighter was conducted to determine the in-
ternal performance and configuration drag of various twin-side inlets.
Mlets of the external-compression ramp and bump types, having various
types and conibinationsof boundary-layer bleed, were tested. AU con-
figurations had internal Cmtraction sufficient to prevent supersonic
starthg at the Mach nmbers investigated. The configurations were tested
at Mach numbers of 1.5, 1.8, sad 2.0; angles of attack from 0° to 10°;
and angles of yaw from 0° to @.

The performance of the etiernal-compression bump inlet was superior
to that of the rsmp inlet at all flight conditions investigated. The per-
formance of the bump inlet at criticel mass-flow conditions was generally
insensitive to variations in sagle of attack and yaw. Adequate inlet
stability range and suitable sensor pressures for a bypass control were
observed at all flight conditions.

IC7’I!RODUCTION

An experimental investigation of a one-fifth-scale model of the fore-
body of a proposed su~ersonic fighter was conducted in the 8- by 6-foot
supersonic wind tunnel of the NACA Lewis laboratory for the purpose of
eval.uatirLgseveral twin-side-inlet air induction systems. The evaluation
was made on the basis of configuration axial force, inlet mass flow,
pressure recovery, stability, and compressor-inlet total-pressure dis-
tortions. Subsonic-diffuser pressure ratios were recorded for possible
use as input signals to a diffuser bypass control system. Performance
was evaluated for a renge of free-stream Mach numbers, mass-flow ratios,

.- snd angles of attack and yaw. .

Etiernal-compression bump and rsmp inlets were tested with various
. amounts of compression surface and inlet throat boundary-layer bleed.

b addition, configuration performance for both a conical ad a flat
canopy windshield was determined.
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The Reynolds number per foot, based on free-stresm conditions,
varied between 4 and 5 million.
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area, sq ft s

fwelage forebody base area, 0.8605 sq ft

ratio of total diffuser flow area of twin tilets to
compressor-inlet flow area

configuration

configuration

Mach number

mass flow, PVA

mass-flow ratio,

external-axial-forcecoefficient, —
&B

external axial force, lb (positive downstream)

total pressure, lb/sq ft

compressor-inlet total-pressure ratio

compressor-hlet total-pressure..yecovery(average across
duct)

total-pressure distortion at

static pressure, lb~sq ft

pressure ratio in right-hand

compressor inlet

diffuser at station 1

pressure ratio at d~fuser station 2-.

compressor-filet static-pressure ratio

inlet stability pressure snplitude at compressor inlet

dypamic pressure, $ (pM2), lb/sqft

total temperature, % —

velocity, ft/sec .
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w weight flow, lb/see

‘i+

83*3
inlet weight flow per unit area referenced to compressor
inlet and standsrd sea-level conditions, lb/(sec)(sq ft)

a fuselage angle of attack, deg

Y ratio of specific heats

5 ratio of total pressure to
P/2116.2

e ratio of total temperature
perature, ‘T/518.?

P mass density, slugs/cu

* fuselage angle of yaw,

Subscripts:

ft

deg

.

9-

.

b inlet boundary-layer bleed

bp diffuser bypass

i inlet duct

t inlet throat

o free-stresm conditions

NACA standard sea-level pressure,

to NAC!Astandsrd sea-level tem- —

1 diffuser station

2 diffuser station

3 compressor Met

1 (model station 37.10 in.)

2 (model station 59.25 in.)

(model station 66.83 in.)

The model was a
airplane having twin

APPARATUS AND PROCEDURE

one-fifth-scale forebody of a proposed supersonic
side inlets designed to supply air to one turbojet

engine. A photograph of the model mounted on the sting support system
in the tunnel is presented in figure 1, smd a general assembly drawing
of the model is given fi figure 2. The airflow through the diffuser
system was varied by means of a remotely controlled conical plug at the
diffuser-discharge duct exit, and the axial forces were ~asured by an
internal strain-gage balance. hbdel angles of attack and yaw were var}ed
by remote operation of the support strut.

.-
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Two types of external-compression inlets were investigated, a bump
inlet and a ramp inlet. Both @lets were designed at @ fr.ee-6tre.@mMach
nuniberof 1.6 to compress the nonuniform flow) created by the fuselage...
nose and the pilot’s canopy, in such a mamner as to generate a uniform
l%ch number of 1.4 at the face of the inlets.

The bump inlet utilized a contoured hump located in front of each
inlet. Btails of the bump inlet are shown in figures(a). Boundsz’y-
lsyer bleed systems, consisting of perforations on the bump surface and
perforations and/or a flush slot on the inlet floor, were incorporated
on the bump inlet-to remove that portion of.,theboumda@-lsyer air that
entered the tilet. The bleed surface was arbitrarily divided into five
areas, as illustrated in figure 3(b). All air bled through the _perfor-
ated seas or slot entered a bleed chamber (fig. 3(b)), directly umder
the bleed surfaces, and was discharged through two exi+s located on
either side of the inlet cowl. Various combinations of bleed areas aa-””
enumerated in table I were tested. In one c~ination, air bled from
the forward perforated area was discharged out the bl=ed-ch-er exits
through two independent 5/8-inch-inside-diametertubes. This was done
to prevent the high bleed-chamber pressure, briginatin&.at the throat
slot, from forcing air out the perforations...~fthe fo-d area. NO
attempt was made to measure the bleed weight,,flow. j

The rmp inlet was essentially a two-dimensional.wedge-typecom-
pression surface (fig. 3(c)). Howeverl the leading edge of the ramp
was curved so as to be equidistant from the tuselage $’Orface. The rsnrp
inlet was tested with and tithout a throat bleed slot, as noted in table
1. A fuselage bounda~-layer diverter was installed beneath the ramp
(fig. 3(c)).

Diffuser —

are
The diffuser flow-area variations of both the bump and rsmp inlets
given in figure 4. Both the buq and rapp dtifusers had internal

cont~action exceeding the maximum theoretical for stafiing at the free-
stresm Mach numbers tested. The equivalent cone angle._ofthe iUf@er~
from the throat to the maxhum area, was 1.770 for the bump diffuser
am.d1.74° for the rsmp dflfuser.

Bypass --
——

The diffuser bypass on the full-scale operation~ a~~e is de-_
signed to permit the inlet to operate at optimum net propulsive thrust,
to make possible turbojet-engine operation w~thout inlet instability,

.
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.
and, in addition, to supply the secondary-flow requirements of an
ejector nozzle. These requirements demand a variable bypss. The model

. bypass, although a scaled version of the operational bypass, was not
variable and was fixed at the minimum open positicm for the data re-
ported herein. The nesrly flush opentig of the bypass (see fig. 2) was
annular in shape and was located circumferentiall.yaround the diffuser
just upstream of the compressor-inlet station. A small diffuser
boundary-layer scoop was incorporated in the bypass ring. Thus low-
energy air was scooped off ad ducted, along with the bypass air, down-
stream to a discharge at the mcdel base. The ratio of boundary-layer
scoop area plus bypass area to compressor-inlet flow area &./Az was
0.066.

canopy

The two types of campies tested, the flat and the
shields, and their locations relative to the bump inlet
in the isometric views showm in figure 5.

●

Instrumentation snd Data Reduction

UJ?- “

conical wind-
sre illustrated

. Pressure orifices and pitot tubes associated with the model were
located im the internal region of the W_fuser system and the fuselage
base. Compressor-inlet total pressure ‘3 was determined by averaging
the measured total pressures at the compressor inlet, station 3 (model
station 66.83 in.), where the pitot tubes were located at the centroids
of equal areas (fig. 5). The compressor-inlet total-pressure distor-
tions AP@?3 were also evaluated from these tubes. Total-pressure dis-

tortion was defined as the max-_tidicated total pressure minus the
minimum total pressure divided by P3, the average of all the tubes.

The pitot tubes closest to the diffuser wall were 4.6 percent of the dif-
fuser diameter from the wall surface.

The compressor-inlet mass flow m3 was determined from the average

of four static-pressure orifices at model station 87.83 inches (3.46
compressor-inlet dism downstream of compressor-inlet station) snd the
tiown area ratio between that station and the throat formed by the re-
motely controlled exit plug, where the flow was assumed to be choked.
The bypass mass flow “~p was evaluated from the static and total pres-

sures measured at a station of known area in the bypass duct. The inlet
KUaSS flOW Uli is simply the sum of the compressor-inlet and bypass
flows.r’

The sxial forces presented represent only external pressure and
. friction forces; the base force snd the change h total momentum of the

titernal flow from the free stream to the duct discharge have been ex-
cluded frcm the model forces.
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The total amplitude of the compressor-iglet static-pressure fluc-
tuations (buzz) was determined.by a dynsmic-pressurepickup located
near the compressor-inlet station. ..,, .- r—

The model was roIJ_ed84° clockwise to position the left inlet in
line with the schlieren system, and the performance of–the inlet in yaw ““
was obtained during this rolled condition. Jhe 84° roll position pro-
duced 20- and 35-minute angles of attack at 2°52’ and 4°47’ angles of “- ““
yau, respectively.

.

.

In order to obtain controls data, configuration B(2,3)F wae modi-
fied by the addition of pressure-sensing tistrumentat~on designed to .
supply tiput-signals to a diffuser by_passcgtrol. ~~o independent
sets of pressure pickups were installed, diffuser stations 1 and 2, to”-
provide a choice between two possible locat~ons. Both sets of instru-
mentation were of the Mach numibercontrol tyye descri~”d kn reference 1.
A rake consisting of five pitot tubes and o~e static @ificews in- ““-”““-
stalled near the throat (station 1) of each diffuser duct. The controls
instrumentation installed at diffuser statio~ 2 (fig.‘6)consisted of
four static-pressure orifices and a total-pressure rake mounted later-
ally across the diffusers just upstresm of where the t–winducts join -
into one. Tlieaverage pressure of this ra~ was approximately equal to
the pressure obtainable from a slotted orifice described in reference 1.
(A rake was used because it offered less ar~ablockag~ in the model.)
Thus, the resulting pressure ratio p2/P2 Cbuld possiblybe used as a ‘

Mach number control parameter. ,, .— ,, .—

RESULTS AND DISCUSSION

Performance Charts

Performance of configurations. - The performance,plabs of the
external-compression bump and ramp inlets ~th varioti hounda~-layer ‘-
bleed systems are presented in figure 7. On each P103 the three -per-
formance parameters, compressor-inlet total:~ressure Z%cOVe&y~ —

compressor-inlet total-pressure distorticm, and external axial-force
coefficient, are plotted as a function af tie comgires%or-inletmass-
flow ratio for two angles of attack and fre&streaml@ch numbers”of 1.5
and 1.8. The region of unstable inlet operation, whe-rethe maximum ““
total amplitude of the static-pressure fluctuations at the compressor

.
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inlet is greaterthan 5 percent of the fre~~stresm total pkssuie, is
shown by dashed curves. Superimposed”ofiea~h set of -~otal-pressureri?-
covery curves is a grid of corrected weight-flow lin&.

:
AU configurations had about the same pressure recovery and a wide

range of buzz-free match points for turboje~-eng”ineoyeration, as shown
in figure 7. Configuration B(2,3)F was selected for a more detailed - “-— :
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study because it had the least amount of bleed surface
fore should also have the smallest drag due to bleed.

7

area and there-
The performance

of configuration B(2,3)F is presented ‘h figures 8(a) and (~) for Mach
ntiers up to 2.0, angles of attack up to 9037’, and angles of yaw up to
.50. It can be noted that the important performance variables at critical
mass-flow ratio are relatively insensitive to variations in angle of
attack and yaw. The performsme of the bump-inlet configuration with a
cmical windshield csn be compared with that of the flat windshield in
figures 8(c), (d), and (e).

Performance summary charts. - The performance of configurations
B(2,3~, R(O}F, and R(5)F during critical mass-flow conditions is sum-
marized in figure 9. At this mass-flow condition, the performance of
the bump inlet was superior to that of the rsmp inlets (fig. 9(a)). For
example, the bump-inlet recovery was about 2 percent greater than that “
of configuration R(O]F, the distortion was about 18 percent less, and
the drag about 7 percent less at Mach nunibersof 1.5 and 1.8.

The effect of sngle of attack on the critical inlet performance of
configuration B(2,3)F is presented in figure 9(b) for the Mach ntier

a range investigated. As can be noted frcm the figure, the important per-
formance vsriables were insensitive to angle of attack up to 10°.

% The effect of modi~ing the cockpit-canopy from a flat windshield
to a conical windshield (fig. 5) for singlesof attack of 0°, 5°, and
9°37’ is presented in figure 9(c). The modification produced an improve-
ment in both critical pressure recovery and axial-force coefficient at
all Mach ntiers and angles of attack investigated. The
were at a Mach nuuiberof 1.8, where ~ decreased about

a= 5° and ~#Po increased approx~tely 2 percent at

greatest gabs
10 percent at

a= 9037‘.

Flow Characteristics

Mass flow. - The coamressor-inlet mass flow and the
mass flow for confi&ation B(2,3)F is presented inpass

all conditions tested. The bypass-m&s flow is the su of the boundary-

concomitant by-
figure 10 at

layer scoop mass flow sad the mass flow which passed through the bypass
opening (0.037 in.). A slight difference in bypass mass flow exists be-
tween the angle-of-attack and the angle-of-yaw conditions because for
the angle-of-attack condition the bypass was inadvertantl.yunchoked,
thereby reductig ~p. The flow coefficient (measured bypass mass flow

divided by theoretical bypass mass flow assum”tig ~3 at the choked

●
areas) for the bypass flush slot plus diffuser boundary-layer scoop was
estimated to be 0.9 [approx@tely).
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Schlieren photographs. - Figure 11 -presentsa group of typicsl .
schlieren photographs of the inlet shock structure of~_confi&ration ‘“ ~ ‘_ ,:
B(2,3)F at zero angle of attack. For each~ree-strti and attitude .

condition, three photographs at different i@et mass-~low ratios are
shown, one of the inlet at critical operation and two having subcrit-” “-
ical mass flows. No schlieren photographs were taken~at angles of
attack other than zero degree. ..,, .-.

. —

Total-pressure contours. - Typical conijjressor-inlettotal-pressure
contours for conditions at or near critical..massflow–are presented in

..-

figure 12 for configurations B(2,3)F, R(0)F, and R(5)F at various Mach g
numbers and singlesof attack and yaw. ~’ -. —

Inlet stability. - Inlet stability characteristics for configura-

tion B(2,3)F are presented in figure 13 for,,Machnum@s of 1.5, 1.8,
and 2.0 and angles “ofattack of 0°, 5°, and 9°371. The variation of
the maximum amplitude of the compressor-inlet static=pressure fluctua-
tions Ap<Po with cb.nges in inlet corregted weight flow wi~/b3A3

is presented to indicate the rate at which .~he inlet~.~.ceeds into buzz.

Controls. - TO aid in determining a su,itablediffuser Mach number *
type of bypass control, both stations 1 aDd.2 were ti-strumentedwith — “’”
static- and total-pressure sensors. The o~jective ~–the measurements
at station 1 was to determtie”if the pressu?e ratio .P1/pl at me 10-

7“

cation would show a consistent variation with changes in inlet +ss-flow
ratio m_J~ and would be relatively insensitive to variations in angle

—

of pitch and yaw. The static- to total-pre’ssurerat~o at station 1 for
the five pitot tubes.of the right diffuser:qre shoym~nfi~e 14(a) 5J6 ,. . ~

a function Of WiJF/8+3. No left-diffuse,$ data or jaw data sre””pre-.— .—

sented because the static-pressure measurement in the-left duct was in

error. For a typical turbo-et enginej m ~gthmte of.the net Propulsive
~

thrust variation with WiJ$~3A3 (not presented) indicated that the
maxhnum value occurred at 41 and 39 pounds~er second per square foot–

.-

for free-stream Mach numbers of 1.5 and 1.8”,respectively. It csm be
noted that the bypass control pressure rat= pi/Pi for all tubes ex-

cept number 1 could be scheduled for a value of 0.665iiand0.705 at Mach
numbers of 1.5 snd 1.8, respectively, for C@timum petiormance at angles
of attack up to 10°. , --

.

The controls pressure ratios at diffus’erstation 2 are yresented
in figure 14(b) for configuration B(2,3)F at Mach nunibersof 1.5 and ‘-
1.8 and the angles of attack and yaw tested. This a@5rage static- to
total-pressure ratio indicates that it alsowould ma&~ suitable by-
pass control parameter because of its inserwitivity to variations in ““““ ‘d

angle of attack or yaw.
. .

.

—
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SUMMARY OF RESULTS

A supersonic wind-tunnel investigation of a one-fifth-scale model
of the forebody of a proposed fighter airplane was conducted to deter-
mine the internal performsmce and configuration drag of various twin
side inlets for a range of Mach nunibersand sngles of attack and yaw.
A summary of the more important findings is as follows:

1. The
superior to

2. The
vide a wide
operation.

3. The

performance of the external-compressionbmp inlet was
that of the external-compression ramp inlet.

stability of all inlets investigated was sufficient to pro-
range of buzz-free subcritical match potits for turbojet

critical performance of the bump Met was generau insen-
sitive to sngles of attack to 10° -d singlesof yaw to SO.

4. A modification of the coc@it csaopy, from a flat windshield to
a conical windshield, produced improvements in both pressure recovery

. and configuration drag.

5. Measured values of static- to total-pressure ratio near the
b subsonic-diffuser discharge were indicated to be adequate for input to

a bypass control. Averaged values proved insensitive to variations b
both angle of attack and yaw.

Lewis Flight Propulsion Laboratory
National.Advisory Ccmmittee for Aeronautics

Cleveland, Ohio, D=ceniber20, 1956
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TABLE I. - LIST OF CONFIGURATIONSINVESTIGATED

C.onfiguration Total bleed-area Perforated.,area per “Flush-slotwidth,
nomenclature ratio, unit surface area

‘b/~ (hole diti. = - (arg”5)
0.070 in.),
perc&@

B(2,3)Fa 0.195 25, ---
B(2,3)C .195 25 ---
B(1,2,3)F .319 25.: ---
B(2,3,5)F .385 25 3/8

B(l,5)Fvb .415 25 5/8
B(2,3,4,5)F .557 25”: 3/8
R(0)F o 0’ ---
R(5)F .286

~
5/8

>

B External-compressionbump inlet (fig. 3(a))
c Conical windshield (fig. 5)
F Flat windshield (fig. 5)
R External-compressionramp inlet (fig. 3(c))

No boundary-layerbleed (fig. 3(c))
!.,2,3,4 perforated areas for boundary-la@ rbleed(fig. 3(b))
5 Flush slot at diffuser throat for.boundary-layerbleed (figs.

3(b) and (c))

aSelected for a more extensive study.

bThis configurationwas tested with the bleed air from srea 1 discharged
through an independentvent.
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4-. .

Figure 1. - Photographofumdelinstalledin 8- by 6-foot supersonicwind tunnel.

.
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Figure 3. - Inlets.
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Total-pres=urepitottube . .
—

● Static-pressure orifice

0.498 0.498 :

0. 4c98

0.249

-, -

(a) Diffuser station 1
-.

(model station 37.10 in.). -

——

I ~ 0.88
—

,—.,

.

(b)Diffuserstation 2
(model station 59.25 in.). ‘

.-

1.931
1.628
0.286
0.981
0.358

\

34 Diam.

6.074 Diam.
—.

.‘“5TE-O-O--

(c) Compressor inlet, station
(model station 66.83 in.).

3

Figure 6. - Schematicdrawingsof pres~e-measuri.nginstrumentation
in diffuser. (Alldimensionsin inches.)
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Figure 7. - Performance of oonflgurations.
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(b) Bump Inlet with various bleed systems at 5° angle of attack.
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